Although not encoded by an intron, the bacteriophage T4 SegA protein shares common amino acid motifs with a family of proteins found within mobile group I introns present in fungi and phage. Each of these intron-encoded proteins is thought to initiate the homing of its own intron by cleaving the intronless DNA at or near the site of insertion. Previously, we have found that SegA also cleaves DNA. In this report, we have purified the SegA protein and characterized this endonuclease activity extensively. SegA protein cleaved circular and linear plasmids, DNA containing unmodified cytosines, and wild-type T4 DNA containing hydroxymethylated, glucosylated cytosines. In all cases, certain sites on the DNA were highly preferred for cleavage, but with increasing protein concentration or time of incubation, cleavage occurred at many sites.
The bacteriophage T4 segA to segE genes (similar to endonucleases of group I introns) comprise five open reading frames (ORFs) of unknown function that are highly similar in their first 100 amino acids (51) . Although there is no evidence that these ORFs are located within introns, they contain sequence motifs that are common to the GIY-YIG family of proteins encoded by group I introns in bacteriophage and in the mitochondria of Neurospora crassa, Podospora anserina, and Saccharomyces douglasii (7, 11, 13, 37, 51, 54) . The I-TevI protein, a member of this family found within the group I intron of the td gene of bacteriophage T4, is a site-specific endonuclease which cleaves a td allele lacking the intron (8, 9, 45) . Double-strand break repair results in the transfer of the intron to the intronless site, converting the gene that lacks an intron to an intron-containing allele (3, 5, 45, 52) . This highly efficient process, called homing, has been observed for many group I introns, each of which encodes its own site-specific endonuclease that cleaves its respective intronless DNA at or near the insertion site (for reviews, see references 3, 4, 17, 35, and 44). The GIY-YIG family contains a subset of these intron endonucleases. Other intron-encoded proteins such as the highly characterized I-Scel, present in the intron in the 21S rRNA gene of Saccharomyces cerevisiae mitochondria (16, 30, 36) , are functionally similar but share different common motifs (10, 15, 17, 23, 55, 57) .
In this paper, we report the purification of the SegA protein and our characterization of its endonuclease activity. We find that although some sequences are highly preferred for cleavage, as the concentration of SegA is increased, any DNA is A. 24 .526 [34] ) to the end of gene 41 (position 4244). The locations of the end of 3gt and the genes segA, uvsX, 40 , and 41 are indicated. Plasmids containing T4 DNA from this region are shown underneath. Positive numbers and boldface lines designate the inserted T4 sequences. In pRP121 and pMS801, positions -1 to -393 (designated by the thinner line) come from the 393 bp of plasmid DNA upstream of the T4 insert in pDH428. For pRE201, pMS305, pMS606, pMS216, and pMS510, the promoter, RBS, and restriction sites, SacI and KpnI, present in the vector are also indicated. All plasmids have the pBR322 origin, except pMS1032, which has the origin of pACYC177. (B) Sequences of segA and uvsX mutations. (51) , which had been digested with SacI and 4nI. pMS510 is thus identical to pMS216, except that the segA gene truncates after four aa (Fig. 1B) . pMS1032 ( Fig. 1A) was constructed as follows. The 3,017-bp BamHI-PstI fragment was first obtained from pGP1-2, a pACYC177-based plasmid (53) , and then ligated in the presence of the following linker:
The resulting vector, pMS1005, was then digested with EcoRI and EcoRV and ligated to the 3,917-bp EcoRI-EcoRV fragment from pDH4426 (27) , to give pMS1032. Thus, pMS1032 contains the T4 region from the end of (3gt to the beginning of gene 41 (positions 1 to 3350 in Fig. 1A ) in a plasmid with the pACYC177 replication origin. Isolation of T4 mutants. A segA amber mutation was recombined back into T4 phage as follows: a mid-log-phase culture of E. coli MV1190 (21) containing pMS606 was infected with T4D+ phage (multiplicity of infection, 0.2). After 8 min without aeration, the culture was diluted 50-fold with L broth and then incubated at 37°C for 75 min with aeration. E. coil NapIV supD (43) , which suppresses the amber codon with serine (the wild-type amino acid), was then used as plating bacteria with the phage. Phage plaques were lifted onto nitrocellulose (Schleicher & Schuell), and phage DNA was fixed to the filter, using the procedure from Schleicher and Schuell. The DNA was hybridized to the 32P-labeled oligonucleotide X10, the oligomer used to make pMS606, and the filters were washed by the procedure of Ripley et al. (46) . After washing at 68°C, only 13 of approximately 2,000 plaques remained bound to X10. One such phage was designated seg4(Am13). A similar procedure was used to put a good RBS sequence upstream of segA(Aml3) [by infecting pMS801 (good RBS)/MV1190 with T4 segA(Am3)] and to obtain T4 uvsX(Am990) and the double mutant T4 segA(Aml3) uvsX(Am990) {by infecting pMS711 [uvsX(Am990)]/NapIV supD with T4D+ and T4 seg4(Aml3), respectively}. However, in the case of pMS801, the nonsuppressing NapIV strain (43) was used as plating bacteria in the isolation of mutants. Sequencing of phage RNA was used to confirm the expected sequence changes in these mutations. The high-speed supernatant (15 ml at 9.2 mg/ml, representing 2.5 g of cells) was mixed with 30 ml of phosphocellulose resin (Whatman P11) equilibrated in sonication buffer plus 50 mM NaCl, and the suspension was rotated for 45 min. The resin, collected after centrifugation, was used to pack a 15-ml column (1.5 by 8.5 cm) which was washed with 35 ml of sonication buffer plus 50 mM NaCl and then 40 ml of sonication buffer plus 0.4 M NaCl at a flow rate of 20 ml/h.
Proteins were eluted with a gradient of 0.4 to 1.0 M NaCl in sonication buffer (200 ml total, 5-ml fractions). The peak fraction of SegA, which eluted with 0.52 M NaCl, and the next fraction were pooled (total, 1 mg of protein).
An aliquot of the phosphocellulose fraction (7.5 ml) was diluted to a conductivity equivalent to that of sonication buffer plus 0.2 M NaCl and then applied to a double-stranded DNA cellulose column (2) (0.8 by 1.0 cm; 0.5 ml), previously equilibrated with that buffer. The column was washed with 5 ml of sonication buffer plus 0.2 M NaCl and 5 ml of buffer plus 0.25 M NaCl. A linear gradient from 0.25 to 0.8 M NaCl in sonication buffer (10 ml total in 1 h) was used to elute proteins, and 0.5-ml fractions were collected. The peak of SegA (0.5 ml; 0.23 mg of protein) eluted with 0.36 M NaCl. Although the SegA protein was highly purified after this step (see Fig. 2A ), several low-molecular-weight contaminants were still present. A portion (0.45 ml) of this fraction was then diluted to a conductivity equivalent to that of sonication buffer plus 0.2 M NaCl and reapplied to the same double-stranded DNA cellulose column, equilibrated in buffer plus 0.2 M NaCl. The column was washed with 5 ml of buffer plus 0.2 M NaCl and then 5 ml of buffer plus 0.3 M NaCl, and the SegA-containing fraction (2.2 ml, 40 pg/ml) was eluted with buffer plus 0.6 M NaCl.
A portion of the SegA fraction (2.1 ml) was loaded on a Sephacryl S-200 column (Pharmacia; 0.7 by 20 cm, 8 ml) equilibrated in buffer plus 0.2 M NaCl, without the PMSF. One-milliliter fractions were collected at a flow rate of 4 ml/h. SegA protein was obtained in 2 ml at 40 ,ug/ml. Aliquots were stored at -80°C. The final yield was 50 pg of homogeneous protein per g of cells.
For some of the experiments, a partially purified fraction of SegA and the equivalent fraction from cells containing the plasmid with a truncation of the segA gene after 4 aa (pMS510; see above) were used. In this case, the 7,700 X g (low-speed) supernatant was obtained as described above. Protein was then obtained after a single round of phosphocellulose chromatography, using a gradient of 0.3 to 2.0 M NaCl in sonication buffer (PP fraction I) or after passing the extract through a DEAE-cellulose column in sonication buffer plus 0.05 M NaCl, followed by phosphocellulose chromatography with a gradient of 0.3 to 2.0 M NaCl in sonication buffer (PP fraction II). These final PP fractions contained 0.2 to 0.3 mg of total protein per ml; the SegA+ fractions were approximately 20% pure.
In vitro endonuclease assay. Unless otherwise indicated, standard endonuclease reactions were performed as follows: supercoiled plasmid DNA or phage DNA was incubated with the indicated proteins for 30 min at 30°C in a reaction mixture containing 20 mM Tris-HCl (pH 8.0), 10% glycerol, 1 mM ,B-mercaptoethanol, 2 mM ATP, 5 mM MgCl2, and NaCl (if indicated). (Amounts of DNA and proteins are given in the figure legends and are for an 8-,u reaction mixture.) Reaction products were separated on 0.8% agarose gels.
Sequencing of SegA cleavage sites. To determine the major SegA cleavage site in pDH428 and pCM7, the DNA (8 or 5.5 jig, respectively) was incubated with either the SegA' fraction (PP fraction II) or the equivalent fraction from cells containing pMS510 (240 to 400 ng of total protein) in a reaction mixture (160 RI) as described above. Linearized plasmid was the major product of each reaction after digestion with SegA; no digestion of the plasmid was detected after incubation with the SegA-control fraction. After phenol extraction and ethanol precipitation, the pDH428 product To ask whether T4 DNA was cut at the uvsX site in vitro, a reaction (320 Pd) was performed as described above, using 10.8 jig of T4 DNA and SegA (240 ng of PP fraction II) (NaCl concentration, 50 mM). After phenol extraction and ethanol precipitation, the DNA was sequenced by using the primers X16 and X17.
To assay SegA cleavage at the uvsX site in vivo, E. coli N4830 cells containing pMS216 (segA+ Ampr) or pMS510 (mutant segA Ampr) were transformed with the compatible Kanr plasmid pMS1032, which contains the SegA cleavage site present in uvsX and a pACYC177 replication origin (Fig. 1A) . Transformants were grown at 29°C to mid-log phase of growth in 25 ml of L broth with 25 ,ug of ampicillin per ml and 40 jig of kanamycin per ml. Cultures were induced at 42°C for 10 minutes and then incubated at 37°C for 2 h. Plasmid DNA was isolated from 5 ml of culture as previously described (12) , and the region at the uvsX site was sequenced by using the primers X16 and X17.
Screening T-even genomes for the segA gene. Genomic DNAs from a collection of T-even-related phages were screened for the presence of the segA gene by hybridization to unclear (see below), we took two approaches in characterizing the activities of the protein in vitro. First, we purified SegA protein by using phosphocellulose, double-stranded DNA cellulose, and S-200 chromatography (see Materials and Methods) ( Fig. 2A) and characterized the cleaving activity of the purified protein. Second, we compared the activity of a partially purified fraction of SegA expressed by pMS216/N4830 with that of an equivalent fraction from N4830 cells containing pMS510. This plasmid is identical to pMS216, except for a CA-to-TCr change which results in the truncation of SegA after 4 aa (see Materials and Methods) (Fig. 1) .
The SegA protein was assayed for its activity on DNA, using both plasmids and phage genomes (see below) as substrates. SegA cleaved the plasmid pDH428 (Fig. 1A) (28) , yielding linearized plasmid and smaller products. This activity was observed in a partially purified fraction containing the SegA protein (Fig. 3, lanes 3 to 9) , but not in the corresponding fraction from cells with the SegA-plasmid pMS510 (Fig. 3,  lane 10 ). The same endonuclease activity was observed as the protein was purified (Fig. 2B, lanes 1 to 4) . For this set of reactions, equivalent amounts of SegA, as judged by protein gel analysis, were added to each reaction mixture, indicating that the SegA activity remained relatively constant through extensive purification of the protein.
Our characterization of the SegA endonuclease revealed that it has a hierarchy of site specificity and depending on conditions is highly specific or general in its cleavage of DNA.
Low levels of the protein or short reaction times yielded primarily nicked circle and linearized pasmid (Fig. 3, lanes 3 (Fig. 3, lanes 5 to 9, 11, and 12 ). Although these various reaction products could have arisen from a contaminating nuclease acting after SegA-generated linearization of the plasmid, our results suggest that all of the reaction products were generated by SegA. First, whereas incubation of SegA with either supercoiled pDH428 or linear DNA (see below) gave this pattern of digestion, our control fraction from pMS510 did not digest either DNA (Fig. 3, lane 10 ; and see below). Furthermore, incubation of pDH428 that had been previously linearized with SegA with the control fraction from pMS510 did not result in further digestion (data not shown). Thus, the products generated by SegA were not substrates for subsequent degradation, at least by a nuclease present in the SegA-control fraction. In addition, the same reaction products were observed when using the purified protein (Fig. 2B,  lanes 1 to 4; Fig. 3, lanes 11 to 13) . Finally, our preparation of SegA did not have any detectable single-stranded DNA nuclease activity (data not shown), and the SegA-generated products could be ligated in the presence of T4 DNA ligase (Fig.  4B ). This argues that the compatible ends remaining after SegA digestion were not destroyed by a nonspecific nuclease. Taken together, these results suggest that all the cleavage activity we observed was due to SegA and that SegA has many possible cleavage sites, but some sites are highly preferred over others.
Our previous work indicated that cleavage by SegA was absolutely dependent on Mg2+ and was stimulated by the presence of ATP (51) . As seen in Fig. 4A, increasing (Fig. 4A, lanes 9 and 10) , strongly suggesting that ATP acts on the SegA protein itself rather than indirectly through another protein in the preparation. ATP appears simply to stimulate SegA cutting; no new cut sites are seen in the presence of ATP that are not detected with a greater amount of SegA (data not shown). Likewise, although SegA activity was inhibited as the NaCl concentration was increased above 100 mM, the salt concentration also did not affect the hierarchy of cut sites (i.e., it did not inhibit a star activity as is seen with some restriction enzymes) (data not shown).
Incubation of pDH428 with SegA in the presence of T4 DNA ligase resulted in less cleavage (Fig. 4B, lanes 1 and 2) , and addition of ligase after digestion of pDH428 by SegA generated larger DNA species (Fig. 4B, lanes 3 and 4) (Fig. SA, lane 15 ).
Sequence analysis of three highly preferred SegA cleavage sites. Previously, we had used restriction analysis to estimate the position of the major cleavage site in pDH428 to the middle of the uvsX gene (51) . To determine the sequence at the cut, we performed dideoxy sequencing reactions with primers that annealed upstream and downstream of the deduced site (see Materials and Methods). As marked by arrows in Fig. 6A (left panel) , two strong stops for Sequenase were seen upon extension of the primers annealed to pDH428 DNA that had been previously incubated with SegA. (Extension past these points was expected in this experiment because some uncut pDH428 still remained after the limited SegA digestion.) This analysis mapped two SegA cleavage sites, consistent with two cut sites that each have a single base 3' overhang (Fig. 6B) . A similar analysis with the products of limited SegA digestion of wild-type T4 DNA (digestion products shown in Fig. SA , lane 3) indicated that the same cleavage sites were generated with this substrate (Fig. 6A, middle panel) .
Because no physiological role has been determined for SegA (see below), we had no genetic evidence to confirm that SegA has an in vivo function consistent with the endonuclease activity we observed in vitro. To ask whether the protein acts as an endonuclease when present in the cell, we transformed cells with both a target plasmid, pMS1032 (bearing T4 sequences from the end of ,3gt to within gene 41 and the pACYC177 origin [ Fig. 1A] ), and either pMS216, which expresses high levels of SegA, or the control plasmid pMS510. Primer extension analysis with the isolated plasmid DNA revealed that in the cells expressing SegA, but not in the SegA-control cells, pMS1032 was cleaved within the uvsX gene at the same site observed in vitro (Fig. 6A, right panel) . Thus, SegA is active as an endonuclease in vivo and it exhibits the same specificity at the uvsX site. However, as can be seen from the sequencing gel, the steady-state level of DNA cut at this site was low, perhaps reflecting the ability of DNA ligase to reseal nicked circular product.
Another major cleavage site of SegA was found by using pCM7, a plasmid containing the T4 gene 16-17 region. Limited incubation with SegA linearized pCM7, but under these con- Fig. 7B ). However, there are only 11 matches among all three sites (bold bars in Fig. 7B ). This analysis suggests either a relaxed consensus sequence or perhaps similarities from structure rather than sequence. In fact, the sequence GAANTiNI, which was cleaved in the sites uvsX and gene 17 (shown in boldface italics in Fig. 7B ) is also found in site gene 17' but was not cleaved. Thus, a preferred SegA-cut site cannot be predicted simply by a sequence match to these deduced sites.
Search for a biological role for segA. The T4 segA gene lies in a region of the T4 genome which has not been identified genetically, and to our knowledge, no mutations in segA have ever been isolated. We constructed a T4 segA mutant (Aml3) with an amber mutation at aa 40 of the segA ORF (Fig. 1B) . We found that T4 Am13 and its wild-type T4 parent plated with similar efficiencies on E. coli NapIV relative to NapIV supD, which suppresses with the wild-type amino acid, serine. This result suggests that under normal growth conditions, this segA mutant has no phenotype.
The T4 uvsX gene is a phage analog of E. coli recA and.is needed for normal phage recombination, repair, and replication (20, 27, 31, 32, 38, 39) . Because in some cases T4 genes that are involved in the same pathway are clustered together on the phage genome, we asked whether segA, like uvsX, was needed for UV repair. The efficiency of plating of T4 segA+ or T4 segA(Aml3) on nonsuppressing and suppressing strains was assayed after UV irradiation by John W. Drake (National Institute for Environmental Health Sciences, Research Triangle Park, N.C.). Survival curves for each phage in each strain were identical (data not shown). We also constructed a T4 phage with mutations in both segA and uvsX [T4 segA(Aml3) uvsX(Am990)] and found that the efficiency of plating on NapIV relative to NapIV supD was identical to that of T4 containing the uvsX(Am990) mutation alone. Thus, we found no evidence to suggest that segA is involved in phage recombination or repair.
During infection, the segA gene is efficiently transcribed prereplicatively (24) . However, because the region immediately upstream of the segA ORF shows little, if any, match to the consensus RBS sequence (Fig. 1B) , we expect the level of SegA protein during T4 infection to be very low. To ask how higher levels of SegA would affect phage growth, we plated T4 segA+ on cells containing the SegA' plasmid, pRE201 (Fig.   1A) , the control plasmid pMS305 (SegA- [Fig. 1AJ ), or the vector. Titers were similar and did not differ in the presence or absence of isopropyl-f3-D-thiogalactopyranoside (IPTG), an inducer for thep,a, promoter present on the plasmids. We also constructed a T4 phage containing the good RBS present in pMS216 upstream of the segA(Aml3) mutation. We found that the efficiency of plating of this phage on NapIV relative to NapIV supD is similar to that of T4 segA(Am13) alone and to that of wild-type T4. Thus, under normal growth conditions, increased expression of segA did not appear to be either beneficial or detrimental to the phage.
Screening T-even-related phage for the segA gene. To screen for segA DNA in various T-even phage genomes, we hybridized the genomic DNAs of T4, T2, T6, RB3, RB15, RB26, RB69, LZ11, and TulA to 32P-labeled oligonucleotides containing various portions of the segA sequence and to a 32P-labeled RNA probe containing most of the segA gene (see Materials and Methods). We were unable to detect segA DNA in any phage genome other than that of T4. We also used PCR analysis to determine the distribution of the segA gene among phages that are related to T4. We selected oligomers that would anneal to the T4 DNA at the end of gene 42 and at the beginning of uvsX, shown schematically in Fig. 8A . (Both gene 42 and uvsX are highly conserved among T2, T4, and T6.) After amplification of this region with T4 DNA, a species of the expected size of 2.1 kbp was observed (Fig. 8B ). However, with T2 DNA, a smaller DNA of 1.1 kbp was seen. Recent DNA sequence analysis indicates that T2 differs from T4 in this region; in T2, both the segA gene and the upstream Pigt gene are missing, and a different gene, f-glucosyl-HMC-a-glucosyltransferase is located here (59) . Interestingly, although the T2 ,B-glucosyl-HMC-a-glucosyl transferase glucosylates DNA, it is not related by sequence to the T4 ,3gt ORF (59) . Thus, the segA gene is missing in T2 DNA, but its absence is not a simple deletion of just this gene. An analysis of the PCR products obtained with several other T-even phage genomes (Fig. 8B) indicates that while some phage are similar to T2 and some yield a slightly smaller product, none appears to be like T4.
DISCUSSION
Although no genetic locus has ever been identified between the bacteriophage T4 bgt and uvsX genes, our DNA sequence analyses have revealed an ORF, designated segA (19, 51) . To investigate the role of segA, we purified and characterized the SegA protein, and we generated a T4 segA(Am) mutant. Our biochemical analyses showed that SegA is a Mg2"-dependent DNA endonuclease with the very interesting property that it recognizes a hierarchy of sites; certain sites are highly preferred, but with increasing protein concentration or time, cleavage will occur at many locations. Thus, depending on the assay, the protein can appear highly specific or very relaxed in its choice of sites. An unusual feature of this endonuclease is that its activity increases with increasing concentrations of ATP. By affecting the activity of the protein, the level of ATP influences whether the SegA cleavage is specific or relaxed.
The ability of SegA to cleave DNA at very specific sites indicates that it must recognize some particular sequence or structure of the DNA. However, our sequence analysis of three highly preferred sites suggests that even under conditions in which SegA cleavage is highly specific, no simple consensus sequence, at least in the immediate region of the cut site, is recognized by the protein. These results are consistent with a protein that can recognize a sequence that has more than one particular base at any of a number of positions or a protein whose cleavage site is far removed from its recognition site.
What is the role of the SegA endonuclease during T4 infection? Although T4 encodes multiple nucleases that digest the host chromosome (56) encoded by group I introns of fungi and phage (51) . Characterization of I-TevI, a member of this family, as well as group I-encoded endonucleases sharing different amino acid motifs, has shown that these endonucleases initiate the process of intron homing, the movement of their own intron DNA into an intronless allele. Each endonuclease cleaves at a specific site at or near the site of insertion. Double-strand break repair then converts that DNA into an intron-containing gene (for reviews, see references 3, 4, 17, 35, and 44) . It has been suggested that it was the endonuclease-encoding DNA rather than the intron which was the original mobile element, in part because homing and splicing are independent processes and because the presence of these ORFs varies greatly in closely related species (for a recent review, see reference 40). Furthermore, the discovery of the VMA1-derived endonuclease of S. cerevisiae, which is encoded by a mobile spacer within a protein coding sequence rather than by an intron, indicates that introns are not an obligatory location for these ORFs (22, 29) . Likewise, neither the yeast HO-endonuclease, a site-specific nuclease needed for mating type switching, nor the yeast endonuclease Endo.SceI, which has been implicated in recombination, is located within introns, yet both are related by sequence to a family of group I endonucleases distinct from the GIY-YIG family (41, 42, 47) .
A number of observations are consistent with the idea that segA arose from the insertion of mobile endonuclease DNA of the GIY-YIG family into an intergenic location within the T4 genome. First, we have found that the segA gene is not present in the genomes of many T-even-related phages, including those of T2 and T6, which are highly homologous to T4. This result is consistent with the insertion of DNA containing the segA gene into the T4 genome some time after the divergence of these closely related phages. Second, within the GIY-YIG family, SegA shares the strongest relationship not to the other phage member, the T4-encoded endonuclease I-TevI, but rather to ORFs found within group I introns of N. crassa and P. anserina (51) . This finding also supports the horizontal movement of endonuclease-encoding DNA from fungi to phage (or vice versa). Finally, the activity of the purified SegA protein shares features with some of the intron-encoded endonucleases. Recent characterization of the cleavage sites of I-TevI, a member of the GIY-YIG family, and I-Scell and I-CreI, members of another family, have shown that although each of these protein exhibits specificity for its insertion site, it tolerates many changes within its recognition sequence (6, 18, 50, 58) . Our finding that SegA has a hierarchy of specificity supports the interesting idea that these endonucleases can be both highly specific (for insertion into a specific sequence) as well as more relaxed (for the infrequent transposition into a broad range of targets) (6, 40) . Further information about the common properties of the GIY-YIG proteins awaits the purification and characterization of the fiigal intron-encoded ORFs.
As yet, movement of segA DNA has not been detected. However, we would not expect to see transposition of the segA-containing DNA into the mapped cleavage sites in the T4 genes uvsX or 17, since both of these genes are required for normal phage growth and thus, disruption of the genes should be very deleterious for the phage. The effect of cleavage or movement into the site around 50 map units is unclear because the function of this region of the phage has not been determined. We have also not observed movement of the segA DNA into the T2 or LIZ11 genomes, which lack the segA gene, upon infection by these phages of cells that express SegA endonuclease and contain segA DNA on a plasmid (data not shown). However, sequencing of the T2 DNA between 42 and uvsX indicates that its lack of segA is not a simple deletion, since other DNA has replaced the segA gene (59) . Thus, at present it is unclear whether segA is an active mobile element, a fossil A. 
